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ABSTRACT 

This Letter presents the first results of an observational campaign to study the Galactic center with INTEGRAL, 
the Internaltional Gamma-Ray Astrophysics Laboratory. Mosaicked images were constructed using data obtained 
with ISGRI, the soft gamma-ray instrument of the coded aperture IBIS imager, in the energy ranges 20-40 and 
40-100 keV. These give a yet unseen view of the high-energy sources of this region in hard X-rays and gamma- 
rays with an angular resolution of 12' (FWHM). We report on the discovery of a source, IGR J1745. 6-2901, 
coincident with the Galactic nucleus Sgr A* to within 019. Located at R.A.(J2000.0) = 17H5'"38'.5, decl.(J2000.0) 
= -29°01'15", the source is visible up to about 100 keV with a 20-100 keV luminosity at 8kpc of (2.89 + 0.41) x 
10^^ ergs s"'. Although the new INTEGRAL source cannot unequivocally be associated to the Galactic nucleus, 
this is the first report of significant hard X-ray emission from within the inner 10' of the Galaxy and a contribution 
from the Galactic supermassive black hole itself cannot be excluded. 

Subject headings: black hole physics — Galaxy: center — Galaxy: nucleus — gamma-rays: observations — 
stars: neutron — X-rays: binaries 



1. INTRODUCTION 

From the prediction of the existence of a massive, compact 
source at the center of the Milky Way by Lynden-Bell & Rees 
(1971) to the discovery of such a source in the radio domain 3 
years later by Balick & Brown (1974), and to the first detection 
of so ft X-rays unmista kably attributable to it by Chandra in 
1999 JBaganoff et al. 2003t) . the supermassive black hole can- 
didate Sgr A* and the Galactic center (GC) region as a whole 
have been put under intense scrutiny for many years from radio 
wavelengths to gamma-rays. This has led to several discover- 
ies, and advances in our understanding of the processes and in- 
teractions at the heart of the Milky Way. For example, it is now 
known that the soft X-ray emission (<10keV) in the central 10' 
is heavily dominated by diffuse emission due primarily to hot 
gas (Koyamaetal. 1996; SidoH & Mereghetti 1999), and that 
only about 10% of the total emission in this energy range can be 
accounted for by X- ray point sources brighter than 10^' ergs s"' 
(iMuno et al. 2003ah . Also, the contribution of point sources in 
this domain is about the same along the Galactic ridge as it is 
in the GC (|Ebisawa et al. 2001). 

The Galactic nuclear region consists of six primary compo- 
nents that give rise to an array of complex phenomena through 
their mutual interactions. These constituents are: Sgr A*, a su- 
permassive bl ack hole with a mass of around 3.5 x 10^ Mq 
(ISchodel et al . 2002; Ghez et al. 2003a); the surrounding clus- 
ter of evolved and young stars; ionized gas streamers, some 
of which form a three armed spiral centered on Sgr A* known 
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as Sgr A West; a molecular dusty ring surrounding Sgr A West; 
diffuse hot gas; and a powerful supernova-like remnant known 
as Sgr A East ( Melia & Falcke 200 1 ). Furthermore, both the 
IR and the X-ray point source populations decreases in spatial 
density approximately as 1 IR^, where R is the dist ance from 
the GC (jSerabvn & Morris 1996HMuno et al. 2003 a'). 

The first imaging observations of the GC in hard X-rays were 
performed by the X-ray telescope on Spacelab 2 in the range 
2.5-20 keV with an angular resolution of 3'. A source located 
within l.'l of Sgr A* was detected ( Skinner et al. 1987). Such a 
source was also detected by ART-P (8-20 keV) on the Granat 
satelHte in 1990-1991 (iPavlinskv e t al. 1994). At energies 
above 20keV, only the coded mask instrument SIGMA/Granaf, 
sensitive to energies above 35keV, provided imaging capability 
with a -20' angular resolution, allowing an exploration of the 
dense GC region. In spite of the deep 9 x 10^ s SIGMA survey 
of the central parts of the galaxy performed between 1990 and 
1997, only upper limits were set for the hard X- and gamma-ray 
emission from the neighborho od of SgrA* at energ ies above 
35 keV (Goldwurm et al. 1994; iGoldoni et al. 19991) . The de- 
rived low bolometric luminosity of the Galactic nucleus (GN), 
in contrast with the powerful output from active galactic nuclei 
or black hole binaries, has motivated the developement of sev- 
eral models for radiatively inefficient accretion onto or ejection 
from SgrA*. Thes e models have been w idely applied to other 
accreting systems JMelia & Falcke 20011) . 

A recent breakthrough discovery by Chandra and 
XMM-Newton is that SgrA* is the source of powerful X- 
ray flares (Baganoffet al. 2001; Goldwurm et al. 20033 
Porauetetal. 2003) during which the soft X-ray luminosity 
can increase by factors of 50-180 over a period of up to 3 
hr Some of these X-ray flares feature a significant hardening 
of the spectrum up to photon indices of ~1. Furthermore, 
a very recent discovery with the Very Large Telescope 
NAOS/CO NICA imager (Genzel et al. 2003) and the Keck 
telescope ( Ghez et al. 2003 b). is that SgrA* is also the source 
of frequent IR flares. This activity could indicate the presence 
of an important population of non-thermal electrons in the 
vicinity of the black hole. These results have raised great 
interest in the possibility of observing hard X-rays from the 
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relative role of accretion and ejection in the Sgr A* system. 

This Letter presents preliminary results of an observation 
campaign to study the GC at high energies with INTEGRAL, 
the Internaltional Gamma-Ray Astrophysics Laboratory, per- 
formed during the INTEGRAL Galactic Center Deep Exposure 
(GCDE) program in the spring of 2003. The focus is set on 
the inner 10'-15' of the Galaxy and, more particularly, on the 
detection of a significant excess in this region. The results are 
based on data obtained with the INTEGRAL Soft Gamma-Ray 
Imager (ISGRI), the low-energy camera of the main Imager on 
Board the INTEGRAL Satellite (IBIS), proven to be accurate 
between 20 and 200 keV. The morphology of the central 2° 
in the 20-100 keV band and the derived positions of closeby 
high-energy sources are briefly discussed to elucidate the ex- 
perimental context from which the results on the central source 
are drawn. 

2. OBSERVATIONS AND RESULTS 

INTEGRAL JWinkler 200 31) is a European Space Agency 
observatory that began its mission on 2002 October 17 car- 
rying four instruments. These consist of two main ones, 
IBIS (lUbertini et al. 2003) and SPI, the Spectrometer on IN- 
TEGRAL (Vedrenneet al. 2003); and two monitors, JEM-X 
jUind et al. 2003) and OMC ( Mas-Hesse etal. 2003^ . 

The IBIS coded mask instrument is characterized by a wide 
field of view (FOV) of 29° x 29°, (9° x 9° fully coded), a point 
spread function (PSF) of 12' (FWHM), and a sensitivity over 
the energy range between 1 5 keV and 8 Me V. This sensitivity i s 
achieved via two detector layers: ISGRI ( Lebrun et al. 2003h . 
an upper CdTe layer sensitive between 15 keV and 1 MeV with 
peak sensitivity between 15 and 200 keV, and PICsIT a bottom 
Csl layer, sensitive between 200 keV and 8 MeV. 

We have analyzed IBIS/ISGRI data coUected between 2003 
February 28 and May 1 in a series of fixed pointings last- 
ing about 37 minutes each. These include all GCDE data for 
which the pointings include the GN (~ 625 ks), and two Tar- 
get of Opportunity observations (~ 475 ks). Data reduction 
was performed using the standard OS A 2 INTEGRAL Science 
Data Center analysis software ( Goldwurm et al. 2003b), whose 
present version of the analysis procedures and calibration files 
do not allow for a full correction of systematic effects. Thus, in 
order not to over estimate the detection level of a source, taking 
into account fluctuations in the observation-dependent back- 
ground noise levels as well as systematics, the significance was 
normalized to the fitted width of the distribution of individual 
significances in the image. This straight forward normalization 
procedure ensures that 68% of the distribution of significance 
values in the image are indeed contained within 1 cr of the mean. 
Image reconstruction can be summarized as follows: from the 
events list for a pointing, subsets of events are selected accord- 
ing to energy bins. Each subset is used to build a detector image 
or shadowgram. Convolution of the shadowgram with a decod- 
ing array gives rise to a sky image containing the main peak 
of all sources in the FOV and their secondary lobes. Source 
identification and subtraction of secondary lobes results in the 
final reconstructed sky image. Fluxes are derived using INTE- 
GRAL observations of the Crab Nebula performed just prior to 
the start of the GCDE, and luminosity calculations are based 
on a distance of 8 kpc to the GC assuming a Crab spectrum of 
a power law with photo n index 2.12 a nd flux density at 1 keV 
of 8phcm-2 s-i keV -1 JBartlett 1994 . 

The maps of the GC shown in Figure ^ were constructed by 
summing the reconstructed images of 57 1 individual exposures. 
The total effective exposure time is about 8.5 x 10^ s on the GN. 




Fig. 1.— Milky Way's center seen in a 2°x 2° field by the IBIS/ISGRI in- 
strument in the energy ranges 20^0 keV (top) and 40-100 keV (bottom). Each 
image pixel size is equivalent to about 5 arcmin. Ten contour levels mark iso- 
significance linearly from about 4o" to 15o". 



of the Galaxy where ten contour levels mark iso-significance 
linearly from about Act up to 15cr, we can see what appear 
to be six distinct sources: IE 1740.9-2942.7, KS 1741-293, 
A 1742-294, IE 1743.1-2843, SLX 1744-299/300, whose 
nominal positions are marked by crosses and identification is 
still preliminary, and a source coincident with the radio po- 
sition of Sgr A*. IE 1740.7-2942 is a black hole candidate, 
KS 1741-293 and A 1742-294 are neutron star Low-Mass X- 
Ray Binary (LMBX) bursters, SLX 1744-299/300 are in fact 
two LMXBs sepai-ated by only 2.72', and IE 1743.1-2843 is 
an X-ray source whose nature is still uncertain. In the 20- 
40keV band, contours of the central source peak at the position 
of Sgr A* with a significance level of 8.7cr but are elongated to- 
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TABLE 1 

INTEGRAL source position location accuracy 



Source name 


Significance 


Fitted position 


Ofiset " 






(R.A., decl.) 


(arcmin) 


IE 1740.7-2942 


70.0 


265.98, -29.74 


0.32 


KS 1741-293 


18.9 


266.23,-29.32 


2.31 


A 1742-294 


15 


266.52, -29.51 


0.05 


SLX 1744-299/300 


9.6 


266.86, -30.02 


1.59 


IE 1743.1-2843 


9.2 


266.59, -28.67 


3.96 


SgrA* 


8.7 


266.41,-29.02 


0.86 



"Distance between the fitted and nominal source positions 



this transient neutron star LMXB burster system recently ob- 
served to have returned to an active state (Muno et al. 2003b) 
but could also be due to an uncorrected background structure. 
The central source is also marginally visible in the 40-100 keV 
band at a level of 4.7cr but without any contribution from the 
direction of GRS 1741.9-2853. 

The position and flux of the central excess in the 20- 
40 keV map were determined by fitting the pe aks with a func- 
tion approximating the instrument's PSF ( Gros et al. 2003) in 
two different ways: (1) all the emission is attributed to one 
source and is fitted as such to determine its peak height and 
position, (2) the emission is attributed to two sources: a 
new source and GRS 1741.9-2853, whose position is then 
fixed to the one d etermined with the Chandra observatory 
(iMnno etal. 2003H) . Both of these involve a simultaneous fit 
of all the sources in the 2 deg^ field of the GC. In the first case, 
we obtain a source position of R.A.(J2000.0)=17H5'"22?5, 
decl.(J2000.0)=-28°58'17", and a flux of about 5.4 mcrab or 
(3.21 + 0.36) X 10"" ergs cm"^ s"'. In the second, the position 
is 17H5'"38;5, -29°01'15", and the flux is about 3.2 mcrab 
or (1.92 + 0.36) x 10"" ergs cm"^ s"'. The central source's 
40-100 keV peak position is in very good agreement with the 
one determined using the second method outlined above, and 
since there is clearly no visible contribution from a neighboring 
source, the 40-100 keV flux was extracted at that position. The 
estimated error on the position is of about 4' for a detection at 
the significance level of 8.7cr. These positions are respectively 
4!6 and 0'.9 from the radio position of SgrA*. The results of 
the fine position determination for the six above mentioned GC 
sources are shown in Tabled In Table |2 flux estimates for 
the central source are given adopting the result of the second 
method for position and flux determination. The hardness ratio 
(HR) — ratio of the count rate in the high-energy band over that 
in the low-energy band — for the detected excess is 0.90+0.20. 
As a possible indication of the nature of the detected excess, we 
can compare the values of the HR to the two brightest sources 
in the field. The BH candidate IE 1740.7-2942 has a HR of 
1.20 + 0.03, and the neutron star LMXB KS 1741-293 has a 
HR of 0.89 + 0.08. 

The excess appears to be somewhat variable throughout the 
observations. In particular, we have detected a sudden increase 
in flux where the count rate rose by a factor of ~ 12 with re- 
spect to the mean for about 40min. Figure |2l shows a portion of 
the light curve from the estimated 20-40 keV flux at the radio 
position of SgrA*. Each data point corresponds to the average 
flux and statistical error from ~37 minute intervals during ob- 
servations that lasted ~19 hr on 2003 April 6. Universal time 
is reported in INTEGRAL Julian days, i.e. days from 2000 Jan- 
uary 1 . The dashed line depicts the mean count rate over the 
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Fig. 2. — Portion of the total 20^0 keV lightcurve obtained by extracting 
the flux at the position of SgrA* in the background corrected intensity map of 
each elementary exposure. The statistical errors are shown, and the dashed line 
corresponds to the mean count rate over the entire data set. 



TABLE 2 
Measured and extrapolated eluxes 



Instrument 


Energy 


Energy Flux 






(keV) 


(10"" ergs cm"^ s"') 


(mCrab) 


INTEGRAL 


20^0" 


1.92 ±0.36 


3.2 ± 0.6 


(IGR 1745.6-2901) 


40-100" 


1.86 ±0.40 


3.4 ±0.7 




2-10" 


10.0 


5.78 


XMM-Newton 


20^0'' 


0.61 


1.03 




40-100'' 


0.031 


0.04 




2-10" 


11.0 


6.36 


BeppoSAX 


20^0" 


0.89 


1.49 




40-100'-' 


0.061 


0.09 



"Measured 

''Extrapolated using kT = 7.2 keV 
"Extrapolated using kT = 8.0 keV 



significance of 5cr, bearing in mind that this significance may 
be hampered by systematic effects. A simultaneous increase in 
flux is seen with a lower significance in the 40-100 keV light 
curve. In what follows we discuss a number of possible expla- 
nations for this detected excess. 

3. DISCUSSION AND CONCLUSION 

In attempting to identify the excess at 17''45'"38^.5, 
-29°01'15", we first consider which sources of high-energy 
emission can be excluded based solely on ISGRI's error ra- 
dius of 4'. There are four such sources: the radio arc lo- 
cated about 15' from the GN; the non thermal X-ray fila- 
ments associated with it and the dense molecular cloud GO. 13- 
0.13 (Yusef-Zadehetal. 2002) ; GRS 174 3-290, observed by 
SIGMA in 1991 (G oldwurm et al. 1994h : and GRS 1741.9- 
2853 mentioned above and clearly unable to account for the 
bulk of the excess. 

Second, we argue that this detection cannot be attributed 
to both diffuse emission and point sources as thus far ob- 
served at low X-ray energies within 8'-10' of SgrA*. This is 
so because it is incompatible with the extrapolation at higher 
energies of the flux integrated over this region as measured 
by XMM-Newton (A. Decourchejle 2003, private communica- 
tion) and BeunoSAX ( Sid oU et al. 19991) . The analysis of 2001 
XMM-Newton data in the 2-lOkeV range consisted of integrat- 
ing the total X-ray flux over a radius of 10' around SgrA*. 
The resulting spectrum is best fitted by a two-temperature 
plasma model with kTi=0.6 keV for the soft component and 
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tions of the Sgr A complex over a radius of 8' around Sgr A* 
in the same energy band agree with XMM-Newton's resuhs. In 
this case the data are also best described by a two-temperature 
model with kTi=0.6 keV and kT2=8 keV. The extrapolation 
of the XMM-Newton and BeppoSAX results to higher energies 
was done using kT=7.2 and 8 keV, respectively. Both instru- 
ments' direct measurements o f the diffuse X-ray flu x are con- 
sistent with those of Chandra ("Baganoff et al. 20031 ) and ART- 
P fSunvaev et al. 1993). Table Elreports the XMM-Newton and 
BeppoSAX measurements as well as their respective extrapo- 
lations. Note that the variability timescale of the INTEGRAL 
source equally excludes a major diffuse contribution and also 
strongly suggests that accelerated charged particles in the ex- 
panding shell of Sgr A East (Melia et al. 1998) cannot signifi- 
cantly contribute to the detected signal. 

Third, since the detected excess cannot be fully accounted 
for by diffuse emission and is variable, it is reasonable 
to consider it a point source, IGR J 1745. 6-2901, of 20- 
100 keV luminosity ~3 x 10^^ ergs s '. One known point 
source found within 4' of IGR J 1745. 6-2901 that could con- 
tribute to the signal is the eclipsing burster AX J 1745. 6-2901 
(iMaeda et al. 1996; Sakano et al. 2002). This source lies about 
1'.3 fr om Sgr A* and was detected in a high state only once, in 
1994 JSakano et a l. 2002). The extrapolation of the flux mea- 
sured in that state is marginally compatible with that of IGR 
J 1745. 6-2901, and this only in the low-energy range. The 
last confirmed detection of AX J 1745. 6-2901 was in 1997 by 
ASCA, when it was found in a much lower flux state. It may 
have recently been detected by Chandra. A timing analysis 
of the ASCA data on AX J 1745. 6-2901 revealed a modula- 
tion with a 40% decrease in flux and period of 8.356 + 0.008 h 
feeda et al. 1996). 1997 ASCA data folded with that period 
show a slight dip, but since phase information could not be pre- 
served over the 2.5 yr that separated the t wo observations, no 
unique solution for the period was found ( Sakano et al. 2003) . 
Folding the INTEGRAL data for IGR J1745.6-2901 wifli a pe- 
riod of 8.356 hr does not reveal any modulation. 

Chandra observations of the GC performed on 2003 June 19 
indicate that two sources, CXOGC J 174540.0-290005 and CX- 



OGC J174540.0-290014, found within 0:4 of Sgr A*, and an- 
other, CXOGC J174535.5-290124, lying V3 from Sgr A* and 
possibly the same as AX J1745. 6-2901, had a combined inten- 
sity in the 2-8 keV band that was more than 30 times that of 
Sgr A* in its quiescent state on that day (F. K. Baganoff 2003, 
private communication). The GN was not particularly bright on 
June 19, but it must have been somewhat more active in May 
when an intense IR flare was observed to come from a region 
possibly very near t he supermassive black hole's event horizon 
(iGenzel et al. 2003h . 

It is noteworthy that the fairly hard X-ray source that 
ART-P detected in 1990 at the position of Sgr A*, had a 
8-20 keV flux that varied between about 5 and 11 mcrab 
(Pavlinskv et al. 1994). This is consistent with our detection 
in the 20^0 keV energy range. We also recall the 2 cr upper 
Umits set by SIGMA on the 40-80keV and 80-150keV lumi- 
nosity of the GN: 3.4 x 10^^ and 2.8 x 10^^ ergs s ' respectively 
JGoldoni et al. 19991) . both of which are compatible with our 
detection. 

Finally, INTEGRAL has detected a very hard X-ray source 
at a position coincident to within 1' with Sgr A*. Because of 
ibis's 12' angular resolution, the emission from IGR J1745.6- 
2901 cannot be attributed to one specific object and could be 
made up of several contributing sources found within a cou- 
ple of arcminutes of Sgr A*. Nonetheless, this remains the first 
detection of emission at energies greater than 20 keV from the 
very close vicinity of the GN, and a contribution from Sgr A* 
itself cannot be excluded. 

More INTEGRAL data are needed to better constrain the po- 
sition, spectral shape, variability properties and the possibly 
multiple nature of IGR J1745. 6-2901. We expect that the most 
constraining results will be provided by simultaneous obser- 
vations in hard and soft X-rays with INTEGRAL and XMM- 
Newton or Chandra. 
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